Background: HOTAIR, a newly discovered long intergenic noncoding RNA (lincRNA), has been reported to be aberrantly expressed in many types of cancers. This meta-analysis summarizes its potential role as a biomarker in malignancy.
Introduction
GLOBOCAN 2012 reports that an estimated 14.1 million new cancer cases and 8.2 million cancer deaths occurred in 2012, and most of them occurred in less developed countries [1] . Cancer has now become a major cause of morbidity and mortality in most regions worldwide [2] . The 5-year survival rate remains low in many types of cancers, and numerous investigators are searching for biomarkers that may help with diagnosis or prognosis of cancer [3] .
Recently, genome-wide transcriptome studies have confirmed that there are a large number of long intergenic noncoding RNAs (lincRNAs), which in the past had been dismissed as simply transcriptional ''noise'' [4] . LincRNAs are non-protein coding RNA molecules greater than 200 nucleotides in length. Diverse biological functions, including cell differentiation, development and many disease processes, have been attributed to lincRNAs. HOTAIR is a lincRNA that is crucial for cell growth and viability [5, 6] . It is transcribed from the antisense strand of the HOXC gene on chromosome 12q13.13 [5] . HOTAIR has been implicated in cancer invasion and metastasis through its role in chromatin remodeling. By targeting polycomb repressive complex 2 (PRC2) and LSD1 complexes to chromatin for coupled histone methylation and demethylation processes, HOTAIR silences various target genes, including the HOXD cluster [5] .
HOTAIR is aberrantly expressed in a variety of human cancers, including breast cancer, colorectal cancer, laryngeal squamous cell carcinoma, and liver cancer [6] [7] [8] [9] . It has been suggested that HOTAIR expression may play a useful prognostic role in some tumors. However, most studies examining the implications of HOTAIR expression are limited by small sample size. Therefore, we conducted a systematic review and quantitative meta-analysis to clarify the prognostic value of HOTAIR expression in human cancers.
Materials and Methods

Study strategy
The present review was performed in accordance with the standard guidelines for meta-analyses and systematic reviews of tumor marker prognostic studies [10, 11] . To obtain relevant articles for this review, two authors (SH Zhang and SL Chen) independently used the following research tools: Medline, Pubmed, and Web of Science to identify all relevant articles about HOTAIR as a prognostic factor for survival of patients with any cancer. The literature search ended on Feb 28, 2014 . The search strategy used both MeSH terms and free-text words to increase the sensitivity of the search. The following search terms were used: ''HOTAIR'', ''long intergenic noncoding RNA'', ''lincRNA'', ''lncRNA'', ''noncoding RNA'', ''cancer'', ''carcinoma'', ''neoplasm'', ''prognosis'', ''prognostic'', ''outcome'', ''mortality'', ''survival'', and ''recurrence''.
Study selection
The same two investigators independently assessed all the eligible studies and extracted the data. Studies were considered eligible if they met the following criteria: any type of human cancer was studied; HOTAIR expression was determined in human tissue using quantitative PCR or microarray expression analysis; the relationship between HOTAIR expression and survival was examined; sufficient data was provided to estimate hazard ratios (HRs) for survival rates and their 95% confidence intervals. If data subsets were published in more than one article, only the most recent one was included. Citations were limited to those published in the English language. Animal studies [10] and single case reports were excluded [11] . If the data could not be extracted or calculated from the original article, the study was excluded. Disagreements were resolved through discussion with a third investigator (G Yang). Table 1 . Characteristics of studies included in the meta-analysis. 
Data extraction
The two investigators (SH Zhang and SL Chen) extracted data independently and reached a consensus on all items. For each study, the following characteristics of the individual research articles were collected: author, journal name, year of publication, country of the population enrolled, ethnicity, number of patients, study design, follow-up, overall survival (OS),methods, cut-off values, treatment data, disease-free survival (DFS), metastasis-free survival (MFS), and recurrence-free survival (RFS).
Quality assessment of primary studies
Quality assessment was performed independently by three investigators (SH Zhang, SL Chen, and MH Chen). All eligible studies were scored as previously reported [12, 13] . The final scores are expressed as percentages, with a higher percentage denoting better methodological quality.
Statistical analysis
We extracted HRs according to the following three methods [14] . The first and most accurate method was to obtain the reported HRs directly from the publication, or to estimate the HRs from O-E statistic and variance. If that was not possible, we calculated the HRs from the published data including the number of patients at risk in each group, the number of events and the logrank statistic or its p value. However, there were still some HRs that could not be retrieved using the above methods, as they were presented in the form of Kaplan-Meier Curves. Therefore, with the assumption of a constant rate of the censored patients during follow-up, we reconstructed the HR estimate by extracting several survival rates at specified times from the survival curves. Since the approximation of the survival curves introduces error, we attempted to minimize this error by using the Engauge Digitizer version 2.11 to obtain the necessary points. We inputted the extracted survival rates at specified times into the spreadsheet developed by Tierney JF et al and estimated censoring using the minimum and maximum follow-up [14] . Then an approximated curve was produced; we compared it with published curves to confirm the accuracy of our data extraction and to assist in data adjustment [14] . If needed, we sought original data directly from the authors of the relevant studies.
Pooled hazard ratios or odds ratios (HRs or ORs) and their associated 95% confidence intervals (CI) were estimated using a fixed-effect model (Mantel-Haenszel), while the random effects model was performed when significant heterogeneity was present [15] . For each study, HR was estimated as previously reported [16] . The individual HR estimates were pooled into a summary HR using published methods [17] . Statistical heterogeneity among studies was assessed by using the I 2 statistic, with significant heterogeneity defined as an I 2 .50% [18] . Subgroup analysis and meta regression by factor of region, sample size, type of cancer and paper quality score were both performed to determine if the number of included studies was sufficient. Univariate metaregression was conducted to explore the potential heterogeneity in the analysis of the association between HOTAIR and survival. Furthermore, factors identified as significant by univariate analysis were further analyzed with multivariate meta-regression if necessary. We also conducted sensitivity analyses to test the effect of each study on the overall pooled results. The presence of publication bias was evaluated by using funnel plots, Begg's test and Egger's test [16] . Statistical analysis was performed using Stata software statistical software version 12.0 (Stata, College Station, TX). A p value of less than 0.05 was considered statistically significant. EI: expression index, it was calculated from the formula 1,000 9 2(-DCt), where DCt = Ct (HOTAIR) -Ct (GAPDH). NA: not available. *1 denoted as obtaining HRs directly from publications; 2 denoted as calculating HRs from the total number of events and its p-value; 3 denoted as extracting HRs from Kaplan-Meier curves. doi:10.1371/journal.pone.0105538.t001
Results
Included studies and characteristics
As shown in the flow diagram ( Figure 1 ), our search terms revealed 160 articles. After the titles and abstracts were reviewed, 113 irrelevant or duplicate articles were excluded. After a more careful inspection of the abstracts, a total of 21 articles were reviewed in detail [6] [7] [8] [9] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Two papers were excluded because of insufficient data to estimate HR for further analysis [34, 35] . As a result, 19 published articles were included in the current meta-analysis [6] [7] [8] [9] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Among these 19 studies, a total of 2033 patients were included, with a maximum sample size of 292 and a minimum sample size of 39 patients (Mean 107.0). Nine studies enrolled more than 100 participants. The accrual period of these studies ranged from 2010 to 2014. The studies were published by groups throughout the world: 11 from China, 4 from Japan, 3 from the United States and 1 from Denmark. A total of 12 different types of cancer were evaluated in studies in this metaanalysis, with the greatest number being digestive system malignancies (4 esophageal carcinoma, 2 gastric cancer, 2 hepatocellular cancer, 1 colorectal cancer, 1 pancreatic cancer and 1 gastrointestinal stromal tumor); other types of cancer were also included (3 breast cancer, 2 non-small cell lung cancer, 1 nasopharyngeal carcinoma, 1 laryngeal carcinoma, 1 mesenchymal glioma and 1 endometrial carcinoma). Treatment information was not available in 4 studies and of the remaining researches, the participants in two received preoperative treatment. Table 1 summarizes the main characteristics of the included studies. A total of 21 HRs were analyzed. HRs from two studies were calculated by using one of the three methods noted in the Materials and Methods section. HRs could be obtained directly in seventeen studies, and HRs were approximated in two studies by using the total number of events and its p-value. We extrapolated the remaining HRs from two studies using graphical representations of the survival distributions. All of the studies were comprised of a high HOTAIR expression arm and a low HOTAIR expression arm. The average percentage of tumors with increased HOTAIR expression was 42.0%, with a maximum of 67.5% in gastric cancer and a minimum of 13 (16/19) of studies and HOTAIR expression was found to be an independent prognostic factor for OS in 91.7% (11/12) of studies, for recurrence in 1 of 2 of studies, and for metastasis in 2 of 2 of studies.
Association between HOTAIR and survival in twelve types of cancers
Sixteen studies reported the overall survival (OS) of twelve types of cancer based on different HOTAIR expression levels in a total of 1732 patients. A significant association was observed between HOTAIR and OS in cancer patients (pooled HR 2.22, 95% CI: 1.68-2.93) (Figure 2 ). Significant heterogeneity existed between studies (x 2 = 30.47, df = 15, p = 0.010; I 2 = 50.8%). Due to the presence of heterogeneity, subgroups were analyzed based on the region, sample size, type of cancer, preoperative treatment and paper quality (Table 2) (Figure 2 ). We detected a significant association between HOTAIR and OS of cancer patients in both Asian (HR 2.15, 95%CI: 1.74-2.66) and western countries (HR 2.79, 95%CI: 1.09-7.14). HOTAIR was found to be significantly associated with OS of patients with digestive system malignancies (HR 2.42, 95%CI: 1.89-3.10) and with OS of patients with non-digestive system malignancies (HR 1.84, 95%CI: 1.07-3.16). The association between HOTAIR and OS of patients was present in studies with more than 100 or fewer than 100 subjects. After excluding the four studies without available treatment information, HOTAIR was found to be significantly associated with OS in patients without preoperative treatment (HR 2.34, 95% CI: 1.86-2.96) but not in those who received preoperative treatment (HR 0.953, 95% CI: 0.199-4.57). Paper quality did not change the result of the estimated HR (HR 2.07, 95% CI: 1.19-3.59; HR 2.28, 95%CI: 1.78-2.92 respectively), but in those studies with a paper quality score of less than 85.0, there was more heterogeneity across studies than in the subgroup with higher quality. Significant heterogeneity existed across studies in the subgroup of western countries, in the subgroup of patient number more than 100 and in the subgroup of patients with nondigestive system malignancy but there was not significant heterogeneity in the subgroups of Asian countries, patient number fewer than 100 and patients with digestive system malignancy. Thus, the region, type of cancer and sample size did not alter the significant predictive value of HOTAIR in OS of various kinds of cancer.
In order to further explore the sources of heterogeneity, we performed meta-regression by the covariates including region, type of cancer, sample size, preoperative treatment and paper quality to quantify the heterogeneity ( Table 2) . As was found in the subgroup analysis, only the factor of preoperative treatment accounted for the inter-study heterogeneity which was consistent with the result of subgroup analysis. Moreover, HR did not change significantly after the exclusion of any of the studies in the sensitivity analysis ( Figure S1A) . For meta-analysis of the association between HOTAIR expression and OS, Begg's test (P = 0.022) showed significant publication bias across studies; the Figure S2A ). HRs from Cox multivariate analyses were recorded in 12 studies to investigate whether HOTAIR was predictive for OS of cancer. Combining these HRs suggests that HOTAIR expression might be an independent prognostic factor for cancer patients (pooled HR 2.26, 95%CI: 1.62-3.15) (Figure 3 ), but a significant heterogeneity was detected among studies (x 2 = 27.25, df = 11, p = 0.004, I 2 = 59.6%). In addition to the independent role of HOTAIR in OS, two other studies respectively found that HOTAIR was an independent factor for cancer metastasis but not for the recurrence of cancer (pooled HR 3.90, 95%CI: 2.25-6.74; pooled HR 1.28, 95%CI: 0.18-9.29) (Table 3) (Figure 3) . Heterogeneity was significant in studies examining the association between HOTAIR and recurrence, whereas no heterogeneity was found in studies looking at the independent role of HOTAIR in metastasis.
Subgroup analysis, sensitivity analysis and meta-regression were performed to illustrate the heterogeneity across studies concerning the independent role of HOTAIR in OS, but not in the recurrence or metastasis ( Table 3) . Subgroup analysis showed that HOTAIR was an independent prognostic factor for digestive system cancer patients without preoperative treatment in Asian countries, and sample size and paper quality did not change the overall result. However, we found that none of the examined factors, including region, sample size, type of cancer, preoperative treatment and manuscript quality, were responsible for heterogeneity across studies in meta-regression. Sensitivity analysis showed no significant change after exclusion any of the included studies ( Figure  S1B ). There was no significant publication bias for studies concerning an independent prognostic role for HOTAIR in different types of cancer (Begg's test: p = 0.064, Egger's test: p = 0.25) ( Figure S2B) .
The prognostic significance of HOTAIR in recurrence-free survival (RFS) and metastasis-free survival (MFS) was evaluated in 3 studies with 512 patients and in 4 studies with 593 patients, respectively ( Table 4) . HOTAIR was not significantly associated with RFS (HR 1.40, 95%CI: 0.48-4.05) with obvious heterogeneity (x 2 = 18.95, df = 2, p = 0.00, I 2 = 89.4%)( Figure 4A ), but a significant relation was demonstrated in the subgroup of Asian countries (HR 2.31, 95%CI: 1.13-4.71), the subgroup of sample size less than 100 (HR 3.56, 95%CI: 1.67-7.63) and the subgroup of digestive system carcinoma (HR 3.56, 95%CI: 1.67-7.63). However, it showed that patients with high HOTAIR expression were more likely to have significantly shorter MFS (HR 2.30, 95%CI: 1.50-3.53) with heterogeneity ( Figure 4B) 1.36-2.74) reported larger HR than did the other two subgroups without significant heterogeneity. However, patients from Asian and western countries showed similar HR from HOTAIR in MFS with heterogeneity. Meta regression analysis showed that no included stratifying factors contributed to main heterogeneity across studies. Furthermore, we estimated HRs in 4 studies with available multivariate data regarding the independent prognostic role of HOTAIR in recurrence and metastasis ( Figure 3) . This analysis showed that HOTAIR was an independent prognostic factor for cancer metastasis (HR 3.90, 95%CI: 2.25-6.74) without heterogeneity but not for cancer recurrence (HR 1.28, 95%CI: 0.18-9.29). Sensitivity analysis changed after omitting any of the included studies in this part ( Figure S1C and 1D) . Metaregression was not applicable in analysis of the association between HOTAIR and RFS because of the limited number of included studies. There was no significant publication bias across studies in analyzing HOTAIR and RFS (p = 1.00 in Begg's test and P = 0.74 in Egger's test) ( Figure S2C ). Publication bias was significant in studies regarding the association between HOTAIR and MFS, with a p value less than 0.05 in Egger's test and asymmetry of the funnel plot, although Begg's test demonstrated a p value larger than 0.05 ( Figure S2D ).
Association between HOTAIR and clinicopathological characteristics of cancer
There were seven studies examining the correlation between HOTAIR and clinicopathological characteristics of cancer, including 3 studies regarding esophageal carcinoma, 2 studies involving hepatocellular cancer and 2 studies of gastric cancer ( Table 5) . In esophageal carcinoma, high HOTAIR expression was significantly associated with TNM stage (III/IV vs. I/II: OR 6.90, 95%CI: 2.81-16.9) and N status (N2/3 vs. N0/1: OR 3.29, 95% CI:1.18-9.16) whereas no significant correlation was found with T classification (T3/4 vs. T1/2: OR 2.15, 95% CI: 0.24-19.5) or grade of differentiation (G3/4 vs. G1/2: OR 1.14, 95% CI: 0.10-13.0). The analysis between HOTAIR expression and T classification, N status and grade of differentiation in esophageal carcinoma displayed significant heterogeneity across studies except TNM stage. However, we did not observe a significant correlation between HOTAIR and TNM stage (III/IV vs. I/II: OR 0.92, Table 4 . Results of subgroup analysis of pooled hazard ratios of recurrence-free survival and metastasis-free survival of cancer with increased HOTAIR expression. 
Subgroup analysis
Discussion
In recent years, numerous studies have demonstrated that lincRNAs are involved in various biological processes, including cancer progression and metastasis, via chromosome remodeling, transcription and post-transcriptional processing [36] . The lincRNA HOTAIR is aberrantly expressed in different types of cancer. In this meta-analysis, we have examined the prognostic role of HOTAIR in cancer and the relation between HOTAIR and clinicopathological characteristics of cancer. We believe that this meta-analysis is the first to investigate the relationship between a lincRNA and cancer prognosis. The fact that we included studies from both Asian and Western countries may enhance the generalizability to some extent. Subgroup analysis in a fixed or random model, meta regression analysis and sensitivity analysis were all performed in the current study, enhancing the statistical power to detect a role of HOTAIR in different types of cancer.
A total of 19 papers comprising 2033 patients were included into this meta-analysis. We found that HOTAIR expression was associated with a poorer prognosis in patients with different types of cancer. Since significant heterogeneity existed across these studies, subgroup analyses were performed. Factors including region (Asian or western countries), type of cancer (digestive or non-digestive disease), sample size (more or less than 100), and paper quality (score more or less than 85%) did not alter the significant predictive value of HOTAIR expression in OS in different kinds of cancer. By combining HRs from Cox multivariate analyses, we found that HOTAIR was an independent prognostic factor for cancer patients (pooled HR 2.26, 95% CI: 1.62-3.15). However, heterogeneity existed. Subgroup analysis showed that sample size and paper quality did not change the overall result, but that the type of cancer, preoperative treatment and region did. In addition to this, biological types of carcinoma might also be a resource of heterogeneity which was not analyzed in our study due to limited data. For example, a majority of participants in the studies on breast cancer were estrogen-receptor (ER) positive and progesterone receptor (PR) positive, and it is theoretically possible that the prognostic value of HOTAIR expression might be different in ER and PR-negative breast cancer. Of note, the prognostic significance of HOTAIR in OS was observed in patients without preoperative treatment rather than those with preoperative treatment which to some extent showed the true prognostic value of HOTAIR in survival with a controlled population in which a treatment modality modified the predictive effect of HOTAIR. HOTAIR could be used as an independent prognostic factor for digestive system cancer patients in Asian countries without heterogeneity. Both Begg's test and Egger's test found no significant publication bias concerning on independent prognostic role of HOTAIR in different types of cancer.
TNM stage is associated with cancer prognosis. In this metaanalysis, only seven studies examined the correlation between HOTAIR and TNM stage. Among these, 3 studies investigated esophageal carcinoma. We found that high HOTAIR expression in esophageal carcinoma was significantly associated with TNM stage (III/IV vs. I/II: OR 6.90, 95%CI: 2.81-16.9) without obvious heterogeneity.
Previous studies have shown that N status, vessel invasion and depth of invasion were associated with an unfavorable outcome in cancer patients [37] [38] [39] . In our meta-analysis, we found that in gastric cancer, HOTAIR expression was significantly associated with lymph node metastasis and vessel invasion without heterogeneity. However, no such association was found in liver cancer or esophageal cancer. One potential explanation for these differences might be that the number of included studies was small. Therefore, more studies should be conducted in order to clarify the relationship between HOTAIR and clinicopathological features in other types of cancer.
The prognostic significance of HOTAIR in RFS and MFS was evaluated in 3 studies with 529 patients and in 4 studies with 593 patients, respectively. Subgroup analysis showed that patients with high HOTAIR expression were more likely to have significantly shorter MFS albeit with heterogeneity, but HOTAIR expression was not significantly associated with poorer RFS. Considering the limited number of studies concerning the relationship between HOTAIR and RFS or MFS, we cannot draw a definite conclusion regarding the relationship, as more studies with large sample size are needed.
Since HOTAIR overexpression in breast cancer cells promoted cancer cell invasion, and HOTAIR silencing reduced cancer invasiveness through Matrigel in vitro [6] , we estimated HRs in 4 studies with available multivariate data regarding the independent prognostic role of HOTAIR in recurrence and metastasis. We show that HOTAIR is an independent prognostic factor for cancer metastasis (HR 3.90, 95%CI: 2.25-6.74) without heterogeneity.
Through subgroup analysis, we identified for the first time that HOTAIR was a novel predictive factor for poor prognosis in different types of cancers for both Western and Asian populations; however, HOTAIR was an independent prognostic factor for OS of Asian patients rather than Western ones. Secondly, we found that the predictive significance of HOTAIR in OS, RFS and MFS was more significant in patients with digestive system carcinoma than in those with non-digestive system carcinoma. The above two findings suggest that HOTAIR expression might be more meaningful in predicting OS of Asian patients or patients with digestive system carcinoma than that of Western patients or those with non-digestive system cancer. Finally, we showed that the pooled HRs in the studies with poorer quality were larger than those in the studies with better quality, suggesting that the results in some individual studies with poor quality might overestimate the predictive effect of HOTAIR.
It should be emphasized that there are several limitations in our study. First, the cut-off value of high and low HOTAIR expression varied in different studies. It was difficult to reach a consensus value. Second, the treatment protocols after surgery differed in the various studies, and these differences might have a great impact on survival and thus result in some heterogeneity. Third, most of the HRs could not be directly obtained from the primary studies, requiring us to calculate them ourselves or to reconstruct the survival curves to extract the HR estimates. Fourth, we only included English language papers. Fifth, most of the included studies reported positive results because those with negative results are generally less likely to be published. Thus, our results might overestimate the predictive significance of HOTAIR in prognosis of cancer to some extent. Sixth, differences of paper quality across the studies might have led to bias in the meta-analysis although subgroup analysis and meta regression did not show the paper quality as the resource of heterogeneity. Seventh, we could not investigate the role of HOTAIR in different biological subtypes of a given cancer as this distinction was not available for most studies.
In conclusion, our study found that HOTAIR might be a novel predictive factor for assessing poor prognosis in different types of cancer both in Asian and western countries. This is the first example of a lincRNA being shown to be a biomarker in predicting cancer prognosis. Checklist S1 PRISMA checklist. Each section was localized in the paper. (DOC)
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